During an immune response the heterodimeric cytokine IL-12, which is produced by macrophages, dendritic cells and B cells, has a variety of immunomodulatory effects on responsive T and NK cells. However, it is the ability of IL-12 to promote cell mediated immune responses through the differentiation of CD4' T helper (Th) cells into the Thl phenotype that is of particular note. These Thl cells are characterised in part by the secretion of high levels of IFN-y (I).
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In human and mice the development of Thl responses is recognised as an important factor for the elimination of viral pathogens. In cattle the biological effects mediated by IL-12 and its contribution to such protective mechanisms have not been clearly defined. In this report we describe the cloning and expression of recombinant bovine IL-12 and present data suggesting that IL-12 and IL-4 are important in modulating the IFN-y response by T cells stimulated by bovine respiratory syncytial virus (BRSV) and discuss the implications on the development of a Thl/Th2 response in cattle.
Bovine IL-I2 cDNA was amplified and cloned from concanavalin A (ConA; Spg ml-') and phorbol myristate acetate (PMA; Sng d') stimulated mononuclear cells using primers specific for IL-I 2 (2) and the reverse transcription polymerase chain reaction (RT-PCR; Fig I) . The PCR products corresponding to the p35 (666 base pairs (bp)) and p40 (984bp) were then tailored into a construct containing a selfcleaving peptide from the Foot and Mouth Disease Virus (FMDV) (3) and subcloned into pClNeo (Promega, Southampton, UK) for transfection studies. Given that IL-12 is a potent inducer of IFN-y in other species it was of importance to evaluate the ability of bovine IL-12 to promote IFN-y in responses during antigen stimulation. In this study we used peripheral blood mononuclear cells (PBMC) isolated from BRSV immunised cattle and measured the IFN-y produced in response to virus in the presence of either 1L-12, IL-2 or IL-4. The IFN-y production was unaffected by the addition of supernatants from mock-transfected COS-7 cells (Fig. 3) . However in the presence of supernatants of COS-7 cells transfected with IL-12, IFN-y production was increased 20-fold. In parallel studies we assayed IFN-1 in PBMC stimulated with BRSV in the presence of either IL-2 or IL-4. IL-2 provoked a two-fold increase in IFN-y secretion in cultures stimulated with BRSV, in contrast IL-4 had no effect on IFN-y production. COS 7 cells were used in transfection studies, supernatants collected at day 6 and tested for activity in a lymphoblast proliferation assay. Supernatants from COS 7 cefls transfected with the IL-I2 construct were found to enhance the proliferation of activated T cells in a dose dependent manner (Fig 2) . This activity was not seen in supernatants from mock-transfected cells. We also found that the IL-12 containing supernatants enhanced the cytolytic activity of an IL-2 maintained WCl' ylS TcR' T cell line (4319C) against a xenogeneic target (K562 cells) from 22% to 46% specific killing at an effector to target ratio of 100: I . Taken together these data show that these supernatants contain biologically active IL-12. Freshly isolated PBMC (2 x lo6 ml-') were cultured with BRSV for 3 days, supernatants collected and IFN-v measured using an ELISA (IDEXX. UK, Gerrards Cross. UK).
These results indicate that the polyprotein approach utilising the FMDV 2A autocleavage peptide can be exploited for the expression of bovine IL-12. We also show that bovine IL-12 augments IFN-7 by PBMC proliferating in response to BRSV and suggests that this cytokine provokes a Th 1 bias that may be beneficial in responses where immunity is dependent on cell immune response.
